The effects of pharmacological blockade of the proximal retinal activity by N-methyl-D-aspartate (MNDA) on the V-log I function of the ERG b-and d-waves were studied in dark and light adapted frog eyes. The effects of NMDA depended on the type of photoreceptor input. In rod-dominated ERG the b-wave amplitude was decreased by NMDA, but that of the d-wave remained unchanged. In cone-dominated ERG the b-wave amplitude was increased while the d-wave amplitude was decreased. Thus, the b/d amplitude ratio was decreased in rod-dominated, but increased in cone-dominated ERG. Our results imply that the b/d amplitude ratio would be changed in an opposite way in the rod-and cone-dominated ERG, when the function of the proximal retinal neurons is compromised.
Introduction
The electroretinogram (ERG), obtained with diffuse light stimuli, is a useful tool for retinal function assessment. The correct interpretation of its changes requires deep knowledge of the retinal processes underlying the different components of the ERG. It has been commonly assumed that the activity of distal retina is the main source of the ERG waves. The ERG b-wave is thought to depend mainly on the activity of ON-bipolar cells directly or through the radial K + currents along the Muller cells (Dick & Miller, 1978; Dick, Miller, & Bloomfield, 1985; Gargini, Demontis, Cervetto, & Bisti, 1999; Green & Kapousta-Bruneau, 1999; Gurevich & Slaughter, 1993; Hanitzsch, Lichtenberger, & Mattig, 1996; Karwoski & Xu, 1999; Newman & Odette, 1984; Robson & Frishman, 1995; Shiells & Falk, 1999; Sieving, Murayama, & Naarendorp, 1994; Tian & Slaughter, 1995; Xu & Karwoski, 1994; Yanagida, Koshimizu, Kawasaki, & Yonemura, 1986) . The activity of hyperpolarizing second-order retinal neurons (horizontal and OFF-bipolar cells) contributes to shaping the phasic b-wave waveform in light adapted mammalian retina (Sieving et al., 1994) . The d-wave generation is thought to depend mainly on the activity of OFF-bipolar cells (directly or through Muller cells) with minor contribution of the photoreceptor response at stimulus offset (Dick, Miller, & Daucheux, 1979; Stockton & Slaughter, 1989; Ueno et al., 2006; Xu & Karwoski, 1995; Yanagida et al., 1986) . It has been shown that, in mammalian retina, the d-wave waveform is modulated also by the activity of ON-bipolar cells (Sieving et al., 1994; Ueno et al., 2006) .
The involvement of the proximal retinal neurons (amacrine and ganglion cells) in the genesis of the ERG, obtained with diffuse light stimuli (diffuse ERG), is a mater of debate. There is no agreement about the significance of their contribution to the diffuse ERG and about the conditions of light stimulation, which are most suitable for the manifestation of their role in the ERG generation. A specification of these conditions would be helpful for diagnosis of proximal retinal dysfunction using diffuse ERG recording. The easiest experimental way to answer to these questions is by an analysis of the changes in the ERG during pharmacological blockade of proximal neuron light responses using high doses of the glutamate agonist N-methyl-D-aspartate (NMDA). It has been shown that NMDA depolarizes amacrine and ganglion cells and eliminates their light responses (Coleman & Miller, 1988; Dixon & Copenhagen, 1992; Lukasiewicz & McReynolds, 1985; Slaughter & Miller, 1983; Stockton & Slaughter, 1989) . At the same time, NMDA has no effect on the light responses of photoreceptors and distal retinal neurons (Krizaj, Akopian, & Witkovsky, 1994; Massey & Miller, 1987; Slaughter & Miller, 1983; Stockton & Slaughter, 1989; Yang & Wu, 1991) . Thus, the NMDA treatment proved to be a useful tool for assessment of proximal neuron contribution to the ERG components and a huge amount of data has been accumulated concerning the effects of NMDA on the ERG waves. In mammalian retina it has been demonstrated that NMDA diminishes or fully abolishes the scotopic threshold response (cat: Robson & Frishman, 1995; Vaegan & Millar, 1994; mouse: Saszik, Robson, & Frishman, 2002; rat: Bui & Fortune, 2003; Mojumder, Sherry, & Frishman, 2008; Naarendorp, Sato, Cajdric, & Hubrard, 2001) , which supports the suggestion that this rod-mediated response is generated by the activity of the proximal retinal neurons (Frishman & Steinberg, 1989a , 1989b Naarendorp & Sieving, 1991; Sieving, Frishman, & Steinberg, 1986) . However, contradictory results have been obtained concerning the contribution of the proximal neuron activity to the generation of the b-and d-waves, which are the most prominent and easily recorded ERG components. Some authors found no significant effect of NMDA on the b-wave (monkey: Sieving et al., 1994) . Other investigators obtained b-wave inhibition (cat: Vaegan & Millar, 1994) or b-wave enhancement (cat: Gargini et al., 1999; distrophic rats: Ohzeki, Machida, Takahashi, Ohtaka, & Kurosaka, 2007; rabbit: Hare & Wheeler, 2009) . Still other authors reported that NMDA had no significant effect on the scotopic b-wave, but it slightly diminished the photopic b-wave (rat: Bui & Fortune, 2003; Mojumder et al., 2008) . There is no available data concerning the effect of NMDA on the mammalian d-wave, because ERG responses to brief light flashes have been usually studied, where no separation of ON and OFF response is possible. Ueno et al. (2006) recorded primate photopic d-wave, but they used a combination of NMDA plus tetrodotoxin to eliminate the activity of proximal neurons. As tetrodotoxin has been shown to have direct inhibitory effect on the mammalian cone bipolar cells (Mojumder, Frishman, Otteson, & Sherry, 2007; Pan & Hu, 2000; Saszik & DeVries, 2005) , the NMDA plus tetrodotoxin treatment can hardly be considered as a selective blockade of the of third-order retinal neuron activity.
The results obtained in amphibian retina are also contradictory. Stockton and Slaughter (1989) did not observe any significant effect of NMDA on the b-and d-waves in mudpuppy. A significant decrease of the d-wave and insignificant decrease of the b-wave amplitude was reported by Eysteinsson (1997, 2000) in xenopus. Katz, Wen, Zheng, Xu, and Oakley (1991) demonstrated that in toad retina NMDA enhanced the b-wave amplitude, but eliminated the M-wave from the ERG. A significant enhancement of the b-wave amplitude and diminution of the d-wave amplitude was found in tiger salamander (Awatramani, Wang, & Slaughter, 2001 ). The authors last mentioned insist that the b/d amplitude ratio could serve as a measure of proximal retina function and it would be greatly increased in cases of its dysfunction. The observed diverse effects of NMDA in similar types of retina might be due to different light stimulation conditions (stimulus intensities or state of adaptation). Unfortunately, in none of these works was the effect of NMDA studied in a wide range of stimulus intensities under different conditions of light adaptation.
In the present study, we investigated the effect of NMDA on the ERG waves in a wide range of stimulus intensities in conditions of dark and light adaptation. The ERG b-and d-waves were not differentiated from the M-wave and the response components were lumped together using the b-and d-waves categorization in accordance to other authors working on amphibian retina (Awatramani et al., 2001) . We obtained that the effect of NMDA depended on the type of photoreceptor input. In rod-dominated ERG, NMDA inhibited the b-wave and had no significant effect on the d-wave amplitude. On the other hand, in cone-dominated ERG, NMDA markedly enhanced the b-wave amplitude (except for that at the lowest photopic intensities), but diminished the d-wave amplitude. Our results suggest that the proximal neuron activity directly contributes to the generation of the rod-mediated b-wave and the conemediated d-wave. Thus, the b/d amplitude ratio would be changed in an opposite way in the rod-and cone-dominated ERG, when the activity of proximal neurons is compromised.
Material and methods
The experiments were carried out on 54 eyecup preparations of frog (Rana ridibunda). The eyes were enucleated and then eyecup preparations were made under dim red light. Several radial cuts were made in the sclera and the posterior pole of the eye was pinned to the base of a wax chamber. The eyecups were continuously superfused with Ringer solution (NaCl 110 mM, KCl 2.6 mM, NaH-CO 3 10 mM, CaCl 2 1.6 mM, MgCl 2 0.8 mM, Glucose 2 mM; HCl 0.5 mM to adjust pH to 7.8) at a rate of 1.8-2.0 ml/min and supplied with moistened O 2 . The activity of proximal neurons was blocked using N-methyl-D-aspartate (NMDA -Sigma), dissolved in Ringer solution to a concentration of 1 mM. The same concentration has been used by other authors working on amphibian retina (Arnarsson & Eysteinsson, 1997 , 2000 Awatramani et al., 2001 ).
Light stimulation
Diffuse white light stimuli (150 W tungsten halogen lamp) with 5 s duration were repeated at interstimulus interval of 25 s. The test stimulus intensity (I t ) was changed in an ascending manner over a range of 11 log units by means of neutral density filters. The maximal intensity (denoted by 0) was 6 Â 10 8 quanta. s
À1 lm
À2 at the plane of retina. The test stimuli were presented in the dark or under diffuse white background illumination with intensity of 2.4 Â 10 6 quanta. s À1 lm
À2
, which was sufficient to saturate the rods (Fain, 1976; Hood & Hock, 1975) . These light stimulation conditions allowed us to obtain rod-dominated responses (using low I t in dark adapted eyes) and cone-dominated responses (using high I t in dark adapted eyes or using rod-saturating background). The type of photoreceptor input was proved by ERG response spectral sensitivity assessment. A clear Purkinje shift (from 500 nm to 568 nm) was demonstrated during transition from dark to light adaptation. The same was true, when low intensity stimuli were substituted by high intensity stimuli in the dark adapted eyes.
Experimental procedure
The frogs were dark adapted for 24 h before eyecup preparation was made. The test light stimulation started after a period of adaptation À30 min in the dark or 15 min under photopic background.
In a group of experiments the effect of 1 mM NMDA (Ringer solution in controls respectively) was followed for a period of 25 min in photopic conditions using log I t = À3.0.
In the other groups of experiments after the period of dark or light adaptation, V-log I function of the ERG waves was obtained using stimuli with increasing intensity (first series). The procedure of adaptation and test stimulation was then repeated and second V -log I function was obtained (second series). In the control experiments both series were obtained during perfusion with Ringer solution. In the test experiments the first V-log I function was obtained during Ringer solution perfusion and the second one -during perfusion with 1 mM NMDA. The perfusion was switched from Ringer solution to 1 mM NMDA 10 min before the beginning of the second intensity series, when the effect of the drug was fully developed (see Fig. 1 ).
ERG recording and data analysis
The electroretinograms were recorded by means of non-polarized Ag/AgCl electrodes at bandpass of 0.1À1000 Hz and digitized at 1 kHz. The amplitude of the ERG waves was measured from peak to peak. For assessment of the relative amplitude change at each I t , the values obtained in the second intensity series were normalized to the values obtained in the first series (%). This was done for both the control and test experiments. The peak amplitudes of the responses to stimuli of different I t were used for V-log I function evaluation. The absolute sensitivity of the ERG responses was assessed by their thresholds, estimated using two criterion response amplitudes: 5 lV and 10 lV. The b-wave V-log I function was fitted to the Naka-Rushton equation:
n , where V, amplitude of the ERG waves; V max , its maximum; I, stimulus intensity above the background; I r , stimulus intensity required to produce half-maximum amplitude; n, exponent, related to the steepness of the V -log I function. The value of I r was used as an index of the response relative sensitivity. In the dark adapted eyes, where V-log I curve had two limbs (rod-and cone-dominated), the whole curve I r point was always on the second limb of the curve. Because of the smooth transition between the rod-and cone-dominated components of the V -log I curves, a reliable separate estimation of I r for the rod-dominated limb was not possible. The dynamic range of the responses was estimated as intensity span of the responses with 5-95% V max amplitude. The V -log I function of the d-wave had a more complex character and it could not be fitted well to Naka-Rushton equation (for details see Popova, Kupenova, Vitanova, & Mitova, 1995) . Individual V-log I curves of the d-wave were constructed, then V max and I t , producing 0.5 V max (I r ), were obtained after curve smoothing using B-spline. The I r value was used for assessment of the ERG OFF response relative sensitivity. The complex character of the d-wave V-log I function did not allow us to determine its dynamic range. The effect of NMDA on the band d-waves waveform was evaluated by digital subtraction of the NMDA waveform from the control one.
For statistical evaluation of the data, Student's t-test (independent and paired), two-way ANOVA (alpha = 0.05) and Pearson correlation coefficient (R) were used.
Results

Light adaptation group
Experiments with one stimulus intensity
These experiments were carried out in order to evaluate the time course of the NMDA effects. ERG was firstly recorded for 5 min in control conditions (during perfusion with Ringer solution) and then during perfusion with solution of NMDA for another 25 min. Switching the perfusion to 1 mM NMDA caused marked increase of the b-wave and diminution of the d-wave amplitude (Fig. 1) . The effect on the b-wave reached a plateau at the 10th min from the beginning of NMDA perfusion, when the b-wave amplitude became significantly greater (p < 0.006) than the corresponding value, obtained in the control experiments. The NMDA inhibitory effect on the d-wave amplitude developed much faster (at the 2nd min) and was stronger than the effect on the b-wave amplitude. The NMDA effects on the ERG waves were relatively stable until the end of the perfusion period. The b-and d-waves amplitudes recovered to a great degree during reperfusion with Ringer solution (Fig. 1 inset) .
Experiments with stimulus intensity series
The b-and d-waves V-log I functions in the control experiments of this group showed differences between the first and second intensity series in one and the same eyecup with respect to V max only ( Fig. 2a and b) . It was higher (p < 0.013 for b-wave; p < 0.033 for d-wave) in the second series in comparison to the first one. The absolute and relative sensitivity of the b-and d-waves as well as the dynamic range of the b-wave were not significantly different in the two series. This allowed us to evaluate the effect of NMDA on these parameters using the first series of the test experiments as a control one.
Perfusion with NMDA in test experiments caused marked increase of the b-wave amplitude (Fig. 2c) . The relative change of the b-wave amplitude was significantly greater than that in the control experiments at all but the lowest intensities (À4.5 and À4.0) (Fig. 3a) . The 5 lV threshold was not significantly altered, but the 10 lV threshold was significantly lowered (Table 1 ). The enhancing effect of NMDA on the b-wave amplitude did not depend on stimulus intensity (P = 0.13). The I d point of the b-wave V-log I function was not shifted along the intensity axis, indicating that the relative sensitivity of the b-wave remained unchanged (Table 1 ). The same was true for the dynamic range of the response.
Application of NMDA caused diminution of the d-wave amplitude at all stimulus intensities (Fig. 2d) . Both 5 lV and 10 lV thresholds of the d-wave were significantly increased, indicating decreased absolute sensitivity of the response. The relative decrease of the d-wave amplitude showed clear intensity dependence. It was greatest at very low (threshold) stimulus intensities and diminished with increasing stimulus intensity (Fig. 3b) . The two-way ANOVA test showed significant interaction between the effect of NMDA and stimulus intensity (p = 4.86 Â 10
À14
) and the value of the correlation coefficient was also high (R = 0.76). The relative sensitivity of the OFF response was decreased, which was reflected in the significantly higher value of I d ( Table 1 ). The increased b-wave amplitude and decreased d-wave amplitude caused by NMDA led to greater b/d amplitude ratio over the whole range of stimulus intensities (Fig. 3c) . The maximal change of this ratio was observed at lower stimulus intensities, where the d-wave amplitude diminution was greatest. Thus, in light adapted eyes, the b/d amplitude ratio might serve as a useful indicator of the proximal neuron function. This ratio is expected to be increased when the function of proximal retinal neurons is compromised. The detected change will be maximal if low intensity stimuli are used.
In order to assess the contribution of proximal retina to the b-and d-waves waveform at different stimulus intensities, we performed digital subtraction of the NMDA responses from the control ones (Fig. 4) . We found that NMDA subtracted a negative component from the b-wave (except at the lowest I t À4.5) and a positive component from the d-wave at all stimulus intensities. The components subtracted by NMDA did not resemble the M-wave, which is known to consist of positive ON and OFF component in vitreal amphibian ERG.
Dark adaptation group
In the control experiments of this group the V-log I function of the b-and d-waves showed no significant differences between the first and second intensity series in one and the same eyecup with the only exception of a slight enhancement of the d-wave amplitude at the lower, rod-dominated part of the curve during the second series ( Fig. 5a and b) . The absolute and relative sensitivity of the responses as well as the dynamic range of the b-wave were practically identical in both intensity series.
In the test experiments NMDA had different effect on the ERG waves in the low and high intensity range. NMDA caused significant diminution of the b-wave amplitude, obtained with low intensity stimuli, but significant enhancement of its amplitude, when high intensity stimuli were presented (Fig. 5c) . The b-wave threshold was significantly increased ( Table 2 ). The inhibitory effect was most pronounced at the lowest intensities and gradually decreased with increasing stimulus intensity (Fig. 6a) . The intensity dependence of NMDA effect was statistically significant (two-way ANO-VA p = 0.00095; R = 0.80). The transition from inhibitory to enhancing NMDA effect on the b-wave amplitude occur at stimulus intensity (À8.5 to À8.0), which was 2.5-3 log units above the bwave absolute threshold (5 lV criterion). As the scotopic range of the responses covers the same intensity span, we may conclude that NMDA had inhibitory effect on the rod-dominated b-wave. This finding indicates that the activity of proximal retinal neurons directly contributes to the rod-driven b-wave generation and this contribution seems to be maximal at the lowest stimulus intensities. On the other hand, NMDA had enhancing effect on the conedominated b-wave and this effect was almost equally expressed in the whole high intensity range (Fig. 6a) . NMDA did not change significantly the relative sensitivity of the b-wave, but it significantly increased the slope of the V-log I curve and narrowed the dynamic range of the b-wave ( Table 2 ). The latter finding was probably due to the inhibitory effect of NMDA on the rod-dominated part of the curve.
The effect of NMDA on the V-log I function of the dark adapted d-wave also depended on the type of the photoreceptor input. NMDA had no significant effect on the rod-dominated part of the curve, but it had a pronounced inhibitory effect on its cone-dominated part (Fig. 5d) . A slight enhancement of the rod-mediated d-wave amplitude was seen, but it was similar to that obtained in the control experiments. No statistically significant difference was evaluated between the relative amplitude changes in the test and control experiments in the rod-dominated part of the curve (Fig. 6b) . The amplitude of the rod-dominated d-wave was very (Table 2) . A transition from slight enhancement to marked inhibition of the d-wave amplitude was observed near I t = À8.0, where the first, rod-dominated part of the V-log I curve terminated. The inhibitory effect of NMDA on the d-wave amplitude did not show clear intensity dependence (Fig. 6b) . The value of I d did not change significantly, indicating that the relative sensitivity of the OFF response remained unaltered ( Table 2) . As it might be expected from the NMDA effects observed, the b/d amplitude ratio was changed in an opposite manner in the rod-and conedominated parts of the V -log I function. It was significantly decreased in the lowest intensity range (À10 to À9.5), but significantly increased in the higher intensity range (À6.5 to À3.0) (Fig. 6) . Thus, the b/d amplitude ratio, obtained with low and high intensity stimuli in conditions of dark adaptation, would be changed in an opposite manner, when the proximal retinal neuron function is compromised. When the NMDA responses were digitally subtracted from the control ones, it was obtained that, in the lowest intensity range, the difference waveform consisted of a small positive component at light ON and a small negative component at light OFF (Fig. 7) . On the contrary, in the higher intensity range, NMDA subtracted a negative component at light ON and a positive component at light OFF. In two of the eyecups NMDA entirely eliminated the positive d-wave, obtained with high intensity stimuli and a negative response appeared at stimulus offset (Fig. 7 inset) . The d-wave recovered to a great extent during reperfusion with Ringer solution. 
Discussion
Our results clearly demonstrate that the activity of proximal retinal neurons influences in a different manner the b-and d-waves amplitude, dependent on the state of adaptation and stimulus intensities used. In the light adapted eyes the blockade of proximal retinal activity by NMDA caused marked enhancement of the b-wave amplitude (at all but the lowest intensities) and great diminution of the d-wave amplitude in the whole intensity range. Similar effect of NMDA was observed in the dark adapted eyes, when high intensity stimuli were used. However, NMDA diminished the b-wave amplitude and did not alter the d-wave amplitude, when low intensity stimuli were presented in dark adaptation conditions. These findings indicate that the type of photoreceptor input might be crucial for the effect of NMDA on the ERG waves. We will discuss the above mentioned results separately for the b-and d-waves.
The b-wave
The diminution of ERG waves' amplitude, caused by NMDA, implies that the activity of proximal retinal neurons directly contributes to their generation. This means that the rod-, but not cone-mediated b-wave has direct contribution from the light responses of third order neurons. This result is consistent with the results of Katz et al. (1991) , who obtained that NMDA diminished or fully abolished the threshold ON response in dark adapted toad ERG. The authors insist that the threshold ERG response consists of only M-wave, which is driven by the proximal K + increase. We denote the threshold rod driven ON response as b-wave, because it had positive polarity in the vitreal ERG and could not be distinguished from the positive b-wave obtained with higher stimulus intensities. The demonstrated by us inhibitory effect of NMDA on the rod driven b-wave was strongest at the lowest stimulus intensities and decreased with increasing stimulus intensity in the scotopic part of the V -log I function. These results support the suggestion that the direct contribution of proximal neuron activity to the rod-mediated b-wave is maximal at the lowest stimulus intensities. This implies that the absolute sensitivity of the scotopic b-wave depends significantly on amacrine and ganglion cell function. On the contrary, the absolute sensitivity of the cone-mediated b-wave in light adapted eyes seems to be determined mostly by distal retinal mechanisms. The contribution of proximal retina to it may be insignificant in frog retina.
Our results show that the proximal neuron activity has overall inhibitory effect on the suprathreshold (>10 lV) cone-mediated b-wave. These results are in full agreement with the results of Awatramani et al. (2001) , who have obtained that the photopic b-wave is greatly enhanced during application of many agents (NMDA, NBQX, CNQX, AP7) that disrupt synaptic input to the third-order neurons. They have also obtained that the b-wave enhancement is reversed after blockade of GABA and glycinergic retinal synapses. That's why these authors have concluded that the depolarization of third-order neurons contributes directly to the bwave generation, but this effect is masked by a pronounced inhibition on the ON pathway. We may state that, in frog retina, the inhibitory pathway from proximal neurons to ON-bipolars is also very strong and its disruption by NMDA may be responsible for the observed enhancement of the cone-mediated b-wave. This inhibitory effect does not show clear intensity dependence and it does not alter the relative sensitivity of the b-wave. Thus, its role might be to limit the voltage range of the responses. Direct contribution of the proximal retinal neurons to the rod-dominated b-wave and their predominately inhibitory influence on the cone-dominated b-wave might explain the widening of the ERG b-wave dynamic range in the dark adapted eyes, observed in our study.
The d-wave
The observed diminution of the cone-mediated d-wave amplitude during the perfusion with NMDA suggests that the activity of proximal neurons directly contributes to the cone-driven d-wave generation at all stimulus intensities. Their contribution may be even crucial, because the positive OFF response may fully disappear after blockade of proximal retinal activity, as it has been shown in our present study for some of the eyecups. Our results are in agreement with the results of other authors working on amphibian retina (Arnarsson & Eysteinsson, 1997 , 2000 Awatramani et al., 2001) . As the inhibitory effect of NMDA has been shown to persist after GABAergic and glycinergic blockade, Awatramani et al. (2001) have concluded that the amacrine and ganglion cells directly contribute to the d-wave generation. Our results indicate that the proximal neuron contribution to the cone mediated d-wave generation is greater at lower stimulus intensities and gradually decreases with increasing stimulus intensity. It means that, in light adapted eyes, both the absolute and relative sensitivity of the OFF response depend on the activity of proximal neurons and they would always decrease, when the activity of proximal neurons is compromised.
An interesting result has been obtained about the effect of NMDA on the scotopic d-wave. We did not observe any diminution of the d-wave amplitude in the rod-dominated part of the V-log I function in dark adapted eyes. This result implies that the activity of proximal neurons does not contribute significantly to the generation of the rod-dominated d-wave in frog retina. Our result differs from that of Katz et al. (1991) , who have obtained that NMDA fully abolishes the rod-dominated ERG OFF response in dark adapted toad retina and have concluded that it is generated entirely by proximal retinal mechanisms. A possible explanation for the discrepancy between our results and the results of Katz et al. (1991) is the different sensitivity of the ON compared to the OFF response in control conditions. From their control ERG traces it is seen that the amplitude of the d-wave at the lowest stimulus intensity (À7.2) is greater than that of the b-wave. In our experiments the amplitude of the d-wave was always smaller that the b-wave and the d-wave absolute threshold (5 lV criterion amplitude) was significantly higher (p < 0.000005) than that of the b-wave. The same lower sensitivity of the ERG OFF response in conditions of dark adaptation has been reported by other authors working on cold blooded vertebrates (Crescitelli & Sickel, 1968; Ren & Li, 2004) . The lower absolute sensitivity of the d-wave might be due to stronger inhibitory GABAergic and glycinergic influences upon the scotopic OFF responses as compared to ON responses. In our previous work it has been clearly shown that the absolute sensitivity of the d-but not b-wave is greatly enhanced after blockade of Fig. 7 . Original ERG records, obtained with different stimulus intensities in dark adapted eyes. The ''control" ERG records were obtained during the control period, the ''NMDA" records -during the perfusion with NMDA and the ''difference" records are difference waveforms, obtained by subtracting NMDA responses from the control ones.
The numbers on the left side indicate stimulus intensity (log I t ). The stimulus onset and offset are shown below the tracing. Calibration: time -500 ms, amplitude -50 lV. GABAergic and glycinergic synapses in dark adapted frog eyecups (Popova, 2000) . We suggest that the disruption of these inhibitory influences by NMDA did not allow us to obtain any direct contribution of proximal neuron activity to the rod-dominated d-wave generation. In the toad retina, the inhibitory influences upon the OFF response might be weaker, which would result in greater d-wave amplitude in control conditions and overall inhibitory effect of NMDA application.
The b-wave to d-wave amplitude ratio
Our results clearly show that blockade of proximal retinal activity alters the b/d amplitude ratio in an opposite manner in the rod-and cone-dominated parts of the V-log I function in dark adapted eyes. The b/d ratio is significantly lowered in the rod-dominated responses, but significantly increased in the cone-dominated responses. This is a new result that has not been described by other authors. Awatramani et al. (2001) argue that the b/d amplitude ratio may serve as a measure that monitors third order cell activity and that it would be greatly increased in cases of their dysfunction. Our results confirm this statement for the cone -but not for the rod-dominated ERG responses. In rod-dominated ERG the b/d amplitude ratio would be decreased, when proximal neuron function is compromised. Thus, the changes of the b/d amplitude ratio should be interpreted carefully, taking into account the conditions of adaptation and stimulus intensities used.
